Introduction
Metabolic syndrome (MetS) is a group of cardiometabolic abnormalities comprising abdominal obesity, hypertension, hyperglycemia, and dyslipidemia, and associates with other comorbidities, including prothrombotic and proinflammatory states. 1 Insulin resistance, fatty acids, and increased proinflammatory cytokines produced by adipocytes and macrophages are considered the main risk factors in MetS pathophysiology.
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Zahran et al endothelial cells have been shown to have proangiogenic and cardioprotective properties. 8 In contrast, apoptotic EMPs are considered markers of endothelial cell injury and vascular aging. 1 Platelet-derived MPs (PMPs) are the most abundant subtype measured in human plasma. 9 PMPs can mediate multiple cellular responses, predominantly affecting protein and lipid metabolism, coagulation, and inflammation. 10 Oxidative stress plays a considerable role in the pathogenesis of MetS components and insulin resistance. 11 The main antioxidant enzymes are glutathione peroxidase (GPx), superoxide dismutase, catalase, and myeloperoxidase. 12 Peroxidases act as preventive antioxidants to detoxify damaged lipid peroxides or other peroxides from blood and organic substrates. On the other hand, these enzymes function to start oxidative reactions, thereby generating a source of reactive oxygen species (ROS).
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PAI1 is the main enzyme inhibitor of the plasminogenactivator system, and increased expression of PAI1 suppresses endogenous fibrinolysis, leading to fibrin accumulation in basement membranes and interstitial tissues. [14] [15] [16] Remarkably, the predictive ability of PAI1 disappears after adjustment for markers of MetS, such as body-mass index (BMI), triglycerides (TGs), and high-density-lipoprotein cholesterol (HDL-C), suggesting that MetS is a precondition for high plasma-PAI1 levels in patients prone to atherothrombosis. Therefore, high plasma concentrations of PAI1 and TPA reflect a state of fibrinolytic dysfunction that increases the propensity to develop arterial thrombosis and in turn may increase cardiovascular disease (CVD) in people with MetS. 17 Although MPs are a biomarker of vascular dysfunction in MetS patients, their significance in MetS patients with congestive heart failure remains controversial. An example of this controversy is that it is still unknown if circulating MPs found in peripheral blood cause injury of the endothelium and worsening of congestive heart failure. 18 As such, in this study we aimed to investigate whether moderate metabolic abnormalities in an early stage of MetS may alter the level of MP subpopulations and to assess the relationship between MP subpopulations and oxidative stress (plasma GPx activity) and coagulation markers (PAI1 and TPA).
Methods
A case-control study was conducted between May 2015 and May 2017 in the Department of Internal Medicine, Assiut University Hospital, Assiut, Egypt. The study was approved by the ethical committee of the Faculty of Medicine, Assiut University, Assiut, Egypt, according to the code of ethics of the World Medical Association (Declaration of Helsinki).
Written informed consent was obtained from each participant after explaining the study to them.
Two groups were included in our study; the first group had 40 patients with MetS, which is defined by the presence of three of the following components: fasting glucose >5.5 mmol/L, triglyceride ≥1.65 mmol/L, HDL-C <1.0 mmol/L (men) or <1.3 mmol/L (women), raised blood pressure (BP): systolic pressure ≥130 and/or diastolic ≥85 mm Hg, and waist circumference >102 cm (men) or >88 cm (women). The criteria used were based on the definition of the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP-III), 2001 . 19 A total of 14 MetS patients out of 40 (35%) were taking antihypertensive treatment. Patients with a history of CVD, chronic inflammatory disease, and cancer or receiving an oral antidiabetic treatment or insulin were excluded. The second group included 30 healthy controls (19 women, 11 men) recruited from staff of the hospital that did not have any known medical disorder or were taking any prescribed medication and who met none of the MetS criteria.
Measurement of blood pressure and anthropometric indices
BP measurements were taken from each subject's right arm in the seated position using a sphygmomanometer after 10 minutes of rest in a quiet room in the morning. Three successive BP readings were obtained at 5-minute intervals and averaged. Height and body weight were measured in the morning without shoes in a fasting state, and BMI was computed as weight in kilograms divided by height in meters squared. WC was measured midway between the lower-rib margin and the superior iliac spine at the end of gentle expiration in a standing position.
Biochemical analysis
Laboratory investigations were done in the Department of Clinical Pathology of Assiut University Hospital and the South Egypt Cancer Institute. Venous blood samples (10 mL) were obtained from all subjects in the fasting state (8-10 am) after 15 minutes' rest, because of the diurnal variation of plasma PAI1. 47 Collected blood was divided immediately: 2 mL in EDTA tubes for complete blood count and GPx activity, 3.5 mL in 3.2% Na citrate for MP isolation, 2 mL in 3.2% Na citrate for PAI2 + TPA detection, and the rest in plain tubes without any additives. After 20 minutes of incubation at room temperature, plain tubes were centrifuged for 10 minutes at 1,200 g. Sera were separated carefully and used for glucose, lipoprotein, urea, and creatinine detection. Plasma samples for PAI2 + TPA and GPx activity were aliquoted and stored (-80°C) until required for analysis. Parameters determined in routine laboratory testing 
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Zahran et al were platelets, total leukocyte count, and hemoglobin levels, determined using a Sysmex XE-5000 automated hematology system. A Cobas 6,000 analyzer (Roche) was used to determine concentrations of glucose, TGs, total cholesterol, low-density lipoprotein (LDL) cholesterol, and HDL-C.
GPx activity and PAI1/TPA detection GPx activity was measured using spectrophotometry (BioDiagnostics, Upton-upon-Severn, UK). Determination of PAI1/TPA was done using a human PAI1/TPA ELISA kit (ab108892; Abcam, Cambridge, UK). 
Microparticle isolation and characterization
Statistical analysis
Data were tested for normality using the Anderson-Darling test and for homogeneity variance prior to further statistical analysis. Categorical variables are given as number and percentage and continuous variables as means ± SD for normally distributed data, while medians and IQR are used for abnormally distributed data. Fisher's exact test was used to compare between categorical variables. Comparison between continuous variables was done by t-test (parametric) and Mann-Whitney U test (nonparametric). Pearson's correlation coefficient was used to assess correlations among continuous data. Multiple linear regressions were used to detect signifi- 
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Results
General characterization of study groups
The study included 40 participants with MetS (28 males and 12 females) and 30 healthy controls. Table 1 shows basic clinical and metabolic characteristics of the subjects. MetS was more common in females than males (70.0% vs 30%, respectively). For biochemical analysis, there were significant differences in WC, weight, BMI, FBG, cholesterol, TG, LDL, and HDL means when compared to the control group (P<0.001 for all). Also, GPx activity and PAT-1/TPA levels were significantly higher in patients with MetS than the healthy control group (P<0.001 and P=0.001, respectively).
Frequency of MP subpopulations among MetS patients
We found that patients with MetS had signif icantly higher frequencies of TMPs, PMPs (P<0.001), and EMPs (P=0.003) in comparison to healthy controls, as shown in Figure 2 .
Association between frequency of MP subpopulations, plasma GPx, and PAI1/ TPA with disease parameters
The frequency of TMPs was positively correlated with WC, BMI, FBG, systolic BP (SBP), diastolic BP (DBP), TGs, and cholesterol and LDL with TMPs, PMPs, and EMPs. Cholesterol, LDL, and BMI were positively correlated with TMPs, PMPs, and EMPs, as shown in Table 2 .
Correlations among plasma levels of GPx and PAI1/TPA, MP subpopulations, and MetS clinical parameters Table 3 shows associations among plasma levels of GPx activity, PAI1/TPA, and frequency of MP subpopulations. The frequency of TMPs and EMPs was positively correlated with both GPx activity and PAI1/TPA. However, the frequency of PMPs was positively correlated with GPx, but not with PAI1/ 
Discussion
MetS is a serious health problem where a cluster of conditions, including increased BP, high blood sugar, excess body fat around the waist, and abnormal cholesterol or TG levels, occur together. 20 In our study, fasting hyperglycemia was present in 50% of our studied patients, as insulin resistance plays a major pathogenic role in the development of MetS. Helal et al found that the percentage of fasting hyperglycemia was 79.5%. 23 On the other hand, Zaki et al found fasting hyperglycemia in 15% of studied individuals. 24 Other studies have found that the prevalence of fasting hyperglycemia was much lower (8.3%). 25, 26 These differences in results can be explained by differences in age, dietary habits, and genetic factors. Hypertension was found in 67.5% of MetS individuals. Similar results were found by Helal et al, who detected high BP in 70.5% of MetS individuals. 23 With regard to lipid profile, we detected low HDL -22.5%; however, hypertriglyceridemia was present in 60% of MetS subjects. Eshtiaghi et al also showed that low HDL and elevated TGs were significant predictors of metabolic health conditions. 27 On the other hand, hypertriglyceridemia was present in 23% of individuals in the study of Zaki et al. 24 This may be explained by differences in patient characteristics in different studies.
Concerning the frequency of circulating MP subpopulations, we found that the frequency of TMPs, PMPs, and EMPs was elevated in subjects with MetS compared to healthy subjects. From these data, we can hypothesize that these MPs were produced in response to MetS. Agouni et al reported that patients with different types of MetS might have different patterns of MPs. 28 Because of the procoagulant properties of annexin V + MPs, they may participate in fibrinolysis impairment and thrombinogenesis elevation.
In addition to TMPs, we found an increase in the frequency of PMPs in MetS subjects. Similar findings have been found by previous studies. 23, 29 In contrary to our findings, Arteaga et al did not find a significant change in PMPs, although they did find increased platelet activation in MetS subjects. 30 The difference in results may be explained by the markers used for determination of PMPs (CD31/CD42b from Arteaga et al vs CD41 in our study). Also, we found an increase in EMPs in MetS subjects. Although there have been few studies to identify MPs in patients with MetS, Arteaga et al reported that EMPs were elevated and that this resulted from endothelial cell apoptosis, but not activation. EMPs can also aggravate endothelial dysfunction through loss of endothelium-dependent flow-mediated vasodilatation, but the mechanism involved has not been analyzed yet. 28 We studied the association between MP subpopulations and disease parameters, and interestingly we report positive correlations among EMPs, PMPs, TMPs, and 
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We found that TMP, EMP, and PMP frequency was positively correlated with WC. These observations point to visceral fat stores playing a possibly harmful role in MP overproduction, a hypothesis that remains to be confirmed. Adipose-tissue inflammation is considered one of the most important pathological processes in obese people without metabolic complications via activation of the NFκB pathway, which results in secretion of inflammatory cytokines and altering endothelial function. 31 Moreover, we found that WC is an independent risk factor for TMPs. Our results are in accordance with previous studies suggesting that WC was a better predictor of metabolic risk factors for developing MetS than BMI, and could be considered a risk factor for diabetes and CVD. 32, 33 Furthermore, our results were also in accordance with previous studies by Goichot et al and Stepanian et al, who showed an association between MPs and obesity risk factors in obese subjects devoid of any CV risk factor. 34, 35 We found that patient blood-glucose levels were associated with levels of MPs, which suggested that TMPs, PMPs, or EMPs could be possible biomarkers for the identification of patients predisposed to type 2 diabetes. 36 Also, we detect a positive correlation between EMPs and BP. TMPs, EMPs, and PMPs were also positively correlated with fasting hypertriglyceridemia. However, independent associations of TMPs, PMPs, and EMPs with TGs, HDL, and FBG were not found, while associations of increased cholesterol with MPs and increased BP with EMPs were shown. Our results were in accordance with previous studies reporting that dyslipidemia in MetS patients may negatively affect the ability of the endothelium to produce activated microvesicles with angiogenic capacity and secrete apoptosis-derived MPs. 37, 38 The lack of association between MPs and glucose impairment can be explained by the overproduction of inflammatory cytokines and the presence of lipid abnormalities. 1 We found that GPx activity in erythrocytes in MetS was significantly increased when compared with the control group. These results seem to be related to the early stage of MetS, because subjects with MetS might be under high oxidative stress, antioxidant enzymes are the first line of defense against ROS, and may increase to adjust to higher levels of oxidative stress, which has been supported by previous studies. 39, 40 On the other hand, Ozata et al studied the activity of GPx in the erythrocytes of obese patients and showed a reduction in activity of these enzymes in the blood component and an increase in specific tissue types. 41 These conflicting results from different studies could be explained by differences in patient characteristics. In the present study, subjects were adults fulfilling early-stage MetS NCEP ATP-III criteria, without CVD or diabetes mellitus, but most of the other studies were focused on advanced stages of MetS.
We observed that GPx was associated with levels of TMPs, EMPs, and PMPs in the MetS subjects. In agreement with our findings, Helal et al found that GPx was positively correlated with TMP and PMP levels in subjects with MetS. 23 This finding supports increased cellular antioxidant activity, which was probably upregulated in the presence of augmented oxidative stress.
In this study, MetS parameters correlated positively with the GPx enzyme. Increased ROS production could be due to high glucose levels leading to protein glycation and glucose autoxidation. 42 Moreover, increased production of free fatty acids induced by dyslipidemia enhances the production of ROS. 43 Also, accumulation of TGs and LDL triggers increased oxidative stress, which plays an important role in the pathogenesis of atherosclerosis. 44 However, HDL has antioxidant properties. Oxidative changes in lipoprotein metabolism thus play an important role in the development of CVD. 45 It has been reported that elevated PAI1 levels are an important contributor to CVD through reducing blood fibrinolytic activity. Our findings concerning elevated levels of the PAI1-TPA complex among MetS patients were in line with previous studies. 17, 46 The overproduction of PAI1 in MetS patients is a true component of the syndrome. 47 Mounting evidence based on previous studies indicates that plasma TPA and PAI1 are regulated in part by the renin-angiotensin system and that polymorphisms in genes from the reninangiotensin-bradykinin system are associated with PAI1 and TPA levels. 48, 49 In this study, multivariate-regression results revealed that PAI1/TPA levels were influenced by components of MetS, except fasting hyperglycemia level. As such, fibrinolysis was found to be severely influenced by MetS. Also, Huotari et al found that increased circulating PAI1 is strongly linked to MetS and is an independent component of the syndrome. 50 Therefore, these results support the hypothesis that many metabolic disorders are associated with elevation of plasma PAI1 and reduction of TPA activities, since PAI1 is a multifunctional protein.
One of the limitations of our study is its cross-sectional nature. We were not able to perform any follow-up. Additionally, due to a lack of funding, we measured GPx as the only oxidative stress-related variable. 
Conclusion
Elevated circulating MPs are associated with MetS abnormalities, oxidative stress and coagulation factors and may act as early predictor of metabolic syndrome with risk of CVD. Further studies are required to determine the validity of using MPs as biomarkers for progressive metabolic abnormalities and as a target for treatment. We believe that evaluating changes in totals of a specific population of circulating MPs in response to pharmacological treatment could indicate the efficacy of a treatment or disease regression. Moreover, modulation of the level of MPs by drug treatment could reduce the deleterious effects of MPs. It would be of interest to assess the relationship between BP-lowering medications and EMPs. Drugs used for the treatment of hypertension could modify EMP release by reducing shear stress. Further analyses of MP detection and quantification for each patient could allow personalized therapy.
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